The 
Since the first scientific description of Ama (Japanese breath-hold divers) as given by TERUOKA (1932) , several investigators have studied the physiological adaptations involved with breath-hold diving HONG and RAHN, 1967; IGARASHI, 1969) . HONG et al. (1963) have reported the changes in alveolar gas composition during breath-hold diving that FA0, decreases continuously with oxygen consumption and PAo 2 falls rapidly in the ascent from a dive, while PAco 2 rises during descent. RAHN (1963a) and CRAIG and HARLEY (1968) have brought forward similar evidence to support Hong's observation that breath-hold divers are exposed to hypoxia when ascending from a dive and hypercapnia during underwater work.
There have been several reports made on the ventilatory responses to hypercapnia and hypoxia in Ama and other breath-hold divers (SCHAEFER, 1955 (SCHAEFER, , 1958 (SCHAEFER, , 1965 SCHAEFER and CAREY, 1962; SONG et al., 1963) .
Ama include either male or female divers and can be divided into two groups on the basis of their diving patterns, i.e., unassisted-type (Kachido) and assistedtype (Funado). The Kachido dives and surfaces all alone. Hence, the duration of a dive and depth are limited by the oxygen consumption required for active swimming. On the other hand, the Funado dispenses with swimming effort by the following aids. Carrying a counter weight of 10-15 kg helps descent and a partner in a boat pulls him up with a rope on surfacing. These aids minimize oxygen needs during diving and thereby the Funado can dive deeper and longer than the Kachido (YOKOYAMA and IWASAKI, 1975) . Therefore, the Funado is exposed to more hypercapnic and hypoxic conditions than the Kachido.
In a previous paper, we studied the ventilatory chemosensitivities of the unassisted-type Ama (Kachido), and found that the hypoxic sensitivity was slightly lower in Kachido than in the control and that the hypercapnic sensitivity was almost the same in the two groups (MASUDA et al., 1981) . In the present investigation, further studies on the ventilatory responsiveness to hypercapnic and hypoxic stimulations were carried out in the assisted-type Ama (Funado).
METHODS
The measurements were performed on 7 male assisted breath-hold divers (Funado), and on 7 male sedentary controls of similar age and physical characteristics (Table 1) . They were invited to our laboratory 3 months after the end of the harvesting season.
Experimental procedures and setup. The experimental procedures were the same as those described in the preceding paper (MASUDA et al., 1981) , and were modified from the method described by SEVERINGHAUS (1976) . Five sampling points were required for determining the responses to hypercapnia and hypoxia. Two points (points 1 and 2) were hyperoxic and three (points 3, 4, and 5) hypoxic ( Fig. 1 ). All the data were obtained by the steady-state method using a closed circuit. The schema of the setup is given in Fig. 2 . The subject was instructed to take a semi-recumbent position and breathed a gas mixture from a face-mask with respiratory valves connected to the circuit. Measurement of end-tidal PO2 , (PETO2) was performed using a rapid response oxygen electrode (Radiometer) in an end-tidal gas sampler (SEVERINGHAUS and HAMILTON, 1970) , Airway PCO 2 was recorded with an infrared CO2 analyzer (Godart, capnograph) by withdrawing air at a rate of 2-3 liters per min from the face-mask through heated tubing. Equal volumes of gas were supplied to the circuit from N2 and O2 cylinders . PETO2 was controlled by changing the rate of inflow from these two cylinders . End-tidal PCO2 (PETCO2) was regulated by adjusting the by-pass flow to a CO2 absorber in a 9-liter spirometer (Bennedict-Roth type) from which the directional valves were removed. Tidal volume (VT) was measured with the spirometer . In order to compute the breath-by-breath minute ventilation (VE) instantaneously , values for the VT and respiratory frequency were fed into an analog computer , after converting them into electrical signals, where the VT was divided by the respiratory cycle at the end of expiration or inspiration. VE was represented by a digital printer, and PETO2, PETCO 2, and VT were recorded on a graphic pen recorder simultaneously. The VE at rest was determined by collecting expired air for 5 min. The resting PETco 2 was recorded with an infrared CO2 analyzer.
Each subject was tested twice at intervals of over 1 hr. Data analysis. The ventilatory responses to hypercapnia and hypoxia were analyzed by the following mathematical expression of the forms mentioned by SEVERINGHAUS (1976), i.e., either hyperbolic function, originally proposed by LLOYD and CUNNINGHAM (1963) or exponential function, by KRONENBERG et al. (1972) Where VN is minute ventilation normalized by the allometric coefficient (70/BW)0.75, BW is in kg (SCHMIDT-NIELSEN, 1970) , D is the slope of VN-PETCO2 lines in hyperoxia, VB, is ventilation at the intersection of fan lines, B' is the PETco 2 value at the intersection of fan lines (where the hypoxic effect =0) , C is the hyperbolic low Po, asymptote, A is the hyperbolic hypoxic slope factor, k is the exponential hypoxic constant, and Ro is the increment of the slope of VN-PETco 2 lines at PETO2 =0.
Five measuring points suffice to define the above parameters. Two hyperoxic points (points 1 and 2, Fig. 1 ) determined D. Three hypoxic points (points 3, 4, and 5, Fig. 1 ) provide three equations with three unknowns: B', A, and C in hyperbolic function or B', k, and R0 for exponential solution. VB, is obtained after determination of the other four parameters. 
DISCUSSION
The conclusions to be drawn from this study are that Funado, compared with normal sedentary subjects, exhibited attenuated sensitivities to hypercapnia and, possibly, to hypoxia as well.
Ventilatory response to hypercapnia. A reduced response to hypercapnia in breath-hold divers has been reported by several investigators (SCHAEFER, 1955 (SCHAEFER, , 1958 (SCHAEFER, , 1965 SONG et al., 1963; IGARASHI, 1969) . Also, SCUBA divers show a lower response to hypercapnia than non-divers (FLORIO et al., 1979) .
The result of this study on the ventilatory response to hypercapnia in Funado was in line with the reports mentioned above. On the other hand, in our previous report (conducted using the same experimental procedures), the hypercapnic sensitivity of Kachido (unassisted-type Ama) did not differ from that of the control (MAsuDA et al., 1981) . This difference in the hypercapnic sensitivity between Funado and Kachido may be due to the difference in the pattern of diving, i.e., the former dives deeper and longer than the latter. Regarding the composition of alveolar gas during breath-hold diving and breath-holding, it was reported that the PACO2 values of the divers were markedly elevated while working on the bottom each dive, due to hydrostatic pressure LANPHIER and RAHN, 1963a, b ; CRAIG and HARLEY, 1968) . Thus, it is understandable that the Funado is exposed to more hypercapnic conditions than the Kachido or nondiver.
Besides the fact mentioned above, BYRNE-QUINN et al. (1971) and LALLY et al. (1974) have reported that physically well trained athletes show decreased hypercapnic sensitivity at rest and during exercise. However, this could not be the case in Funado, because another type of Ama, the Kachido, whose physical effort is greater than that of the Funado (YoKOYAMA and IWASAKI, 1975) , did not show reduced response to hypercapnia. Ventilatory response to hypoxia. There are several reports on the subject of ventilatory response to hypoxia in breath-hold divers (SCHAEFER and CAREY, 1962; SONG et al., 1963; SCHAEFER, 1965) . However, the method employed in these studies seems to be unsuitable for determining the ventilatory response to hypoxia, because, in the above studies, the subjects were tested with only one given concentration of hypoxic gas mixture. It is well known that the ventilation derived from such an inhalation of hypoxic gas will lower the PETco2 level at the so-called dog-leg region of the VN-PETCO2 line where ventilation is kept almost unchanged during the change in PETCO2 (NIELSEN and SMITH, 1951) . Hence, the response to hypoxia in the above studies might be inappropriate in evaluating the isocapnic hypoxic sensitivity. On the other hand, in this study, as PETCO2 was maintained above the dog-leg level, the ventilatory response to isocapnic hypoxic stimulation was properly evaluated. In the present study, the ventilatory response in Funado was assumed to be attenuated in severe hypoxia (PETO2 <50 Torr) when the VN-PETO2 relationship was calculated and depicted at PETCO2=45 Torr using the hyperbolic equation described above (Fig. 6 ). This attenuation in hypoxic sensitivity in the present experiment was in line with the result of SCHAEFER 'S reports (1962, 1965) . However, the hypoxic parameters, A and k, obtained from the hyperbolic or exponential equations did not prove that hypoxic sensitivity in Funado was attenuated. Therefore, further investigation is necessary to draw firm conclusions.
There are two possible explanations for the reduced sensitivity to hypoxia in Funado. One possibility is the physical training effect. BYRNE-QUINN et al. (1971) reported that well-trained athletes showed lower response to hypoxia than non-athletes. However, this again may not play a dominant role in reducing hypoxic sensitivity in the Funado, because physically more active divers, Kachido, did not show a marked attenuation of hypoxic sensitivity (MASUDA et al., 1981) .
Another possible explanation for the reduced hypoxic sensitivity in Funado is chronic exposure to hypoxia. It has been reported that the PAO2 of the divers markedly decreases during the ascent from a dive LANPHIER and RAHN, 1963a; CRAIG and HARLEY, 1968) . Thus, Funado may also be repeatedly exposed to rapid hypoxia in daily diving. WEIL et al. (1971) reported that a man exposed to chronic hypoxia during adulthood at high altitude exhibited a marked attenuation of hypoxic response at rest. However, this could not also be the case in Funado because the pattern of the hypoxic exposure in breath-hold diving is different from that at high altitude, i.e., the former is intermittent and accompanied by hypercapnia, whereas the latter is continuous and accompanied by hypocapnia.
The ventilatory responses to hypercapnia (IGARASHI, 1969) and hypoxia (SCHAEFER, 1965) in breath-hold divers are reported less often in the period of harvesting or of underwater training than in non-harvesting or non-training periods. The present experiment was performed 3 months after harvesting. Therefore, if the experiment was conducted during the harvest season, the reduction of ventilatory chemosensitivities in Funado would have been shown more clearly.
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